Urban Traffic Flow Guidance System (UTFGS) may cause the overreaction and concentration of travelers and lead to the phenomenon of Braess Paradox. The paper develops a constrained K-shortest paths algorithm within a dynamic restricted searching area in consideration of realistic road network spatial distribution features. Through the test with the microscopic transportation simulation tool VISSIM, the algorithm could not only decrease the searching scale but also efficiently balance the traffic flow in the net and avoid the phenomenon of Braess Paradox.
Introduction
Traffic congestion is gradually becoming one of the most serious social problems. One of the most effective solutions to this problem is the establishment of Urban Traffic Flow Guidance System (UTFGS) which could provide the optimum path for travelers before or during the trip based on real-time traffic information in the road network 1 . However, as the overreaction and concentration of drivers, both the static and the dynamic UTFGS may cause a problem of Brass Paradox which may unbalance traffic volume and weaken the effectiveness of navigation information 2 . Even worse, such case will degrade users' trust in the UTFGS and bring very adverse effects to the application and popularization of the navigation technology. For a applicable solution of the Brass Paradox problem in UTFGS, we will first talk about the formation mechanism and prevention method of it at the beginning.
Formation mechanism and applicable prevention method of Braess Paradox

Formation mechanism
The formation of Braess Paradox problem is closely related to the validity of the traffic guidance information having been released 3, 4 2.1.
Unreasonable traffic assignment proportion
Without considering the real-time traffic state of all road sections in the network, it is impossible to keep a stochastic user equilibrium assignment of traffic flow and provide appropriate alternative paths to drivers 5, 6 .
Ineffective release strategy of dynamic traffic information
The release of dynamic traffic information and the improvement of transportation system benefit do not have a positive correlation 7, 8 . Ineffective release strategy of dynamic traffic information may cause a disequilibrium of traffic flow that leads to the Braess Paradox. Thus, the determination of appropriate release time, release frequency, and release content of information plays a crucial role in UTFGS 9, 10 .
Applicable prevention method
After the analysis, two methods are proposed to prevent the Braess Paradox 11, 12 :
Route choice model in consideration of individual characters
Analyze the root causes of drives' behavior homoplasy 13 and establish the route choice model in consideration of individual characters 14, 15 , so that paths provided to the drivers could be significantly different between each other and the traffic volume may keep a balance in the road network 16, 17 .
Constrained K-shortest paths algorithm
While the user group of UTFGS reaches a quasisaturation level, K-shortest path K  ( 3 ) with significant differences provided for drivers could not only balance the traffic flow but also prevent the Braess Paradox 18, 19, 20 . In this paper, we mainly carry some research on this subject.
Constrained K-shortest paths algorithm within a dynamic searching area
Without considering the constraints in path computation, the existing K-shortest path algorithms may be subdivided in algorithms that allow paths to have repeated links (cycles) 21, 22, 23, 24 and algorithms that only consider acyclic paths 25, 26 . We now consider the problem of finding the K-shortest paths that meet a set of constraints. With a class of constraints, the paper develops Lawlers's 25 algorithm within a dynamic restricted searching area in consideration of road network spatial distribution features that suitable for travelers.
Process of algorithm
Definition of the dynamic restricted searching area:
(1) Load the data of the road network and initialize the operation environment of the program (Value of K can be set here with a default value equals to 3); (2) Set the origin node and destination node of the path computation; (3) Construct the rectangle with a diagonal line connect the origin and destination to be the restricted searching area of the path computation, set the state variable 1 I  , turn to step (5); (4) Construct the contour-rectangle of an ellipse with the origin node and destination node as its focus to be the restricted searching area of the path computation, set the state variable and denote these paths with (8); (16) Terminate this algorithm and output all paths containing in the set of K-shortest paths to drivers.
The complexity of the algorithm for finding Kshortest paths is ( * * ( )) O k n c spt , with n the number of nodes within the restricted searching area and ( ) c spt the complexity of the single source shortest path algorithm.
Restricted searching area of the path computation
The constrained K-shortest paths algorithm uses the dijkstra algorithm as a core to compute the single source shortest path. As the dijkstra algorithm is a traversal one, the CPU time of the path computation may not be satisfied with the real-time demand of UTFGS when the scale of road network becomes very large. Based on the statistical analysis of the spatial distribution of real road network, two restricted searching areas with the appropriate restricted rectangle and contour rectangle of an ellipse are established. With this restriction, the algorithm can efficiently decrease the searching scale and improve its running efficiency.
(1) Rectangle with a diagonal line connects the origin and destination.
Restrict the searching area in the rectangle with a diagonal line connects the origin and destination, and then compute the K-shortest path in this area. If quantity of computed alternatives paths could not reaches the presupposition value K, turn to the restricted area of the contour-rectangle of an ellipse and continue.
(2) Contour-rectangle of an ellipse with the origin and destination as its focus.
Total length from the point on an ellipse to its focus equals a fixed value. With the statistical analysis of the road network spatial distribution features, an ellipse with the origin and destination as its focus could be constructed as follows 27, 28 : In order to avoid large amount of power and evolution operation in computation, the above area could be extended to the contour-rectangle of the former ellipse:
Where, the extreme value of , x y stand for the contour-rectangle of the ellipse with the origin node and destination node as its focus.
Partitioning rule
Let S be the set of acyclic paths between origin and destination that all start with a sequence of links 
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Constraints
To satisfy the actual demands of drivers, two constraints are applied to eliminate the unreasonable paths. In each computation, only the paths satisfy the constraints could be brought to the K-shortest paths set and finally provided for drives. Before the intruoducation of containts, some conceptions must be defined.
Denote each path with a node series ( 
Realization of algorithm
Realize the algorithm in environment of Changchun. The sample distribution ratio coefficient under a confidence level of 95% could be statistics obtained in start from node 2618 and terminate at node 97 are shown in Fig.3 . The CPU running time is 0.58s in contrast with 7.32s of constraint K-shortest path algorithm without restricted searching area. 
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The proposed algorithm has not only effectively decreased the searching scale but also dramatically increase the path optimization efficiency for about 92%.
Test of algorithm
Parameter sensitivity test
According to different sizes of road network Table 1 . is, the more paths that do not meet detour constraint appear and the more time for CPU runs. 
Operating efficiency test in large network
Test the algorithm efficiency in large-scale road network 29 of Guangzhou which is shown in Fig.6 and Table 2 . From the comparison of results, operating efficiency of the algorithm is improved by about 89.6% under a reasonable restricted searching area.
Network benefit test
Construct the simulating road network shown in Fig.7 with VISSIM 5. . Set the simulation time to 3600s and the sampling interval to 100s. The simulated traffic incident starts at 600s and lasts to the end. Collect all the parameters including travel time, queue length, average vehicle delay, etc that related to the effect evaluation of traffic guidance. Evaluate the road network benefit with the total travel cost. The total travel cost of the simulated road network without any prevention method being carried out is 35903950s (Braess Paradox appears) in contrast with 24397420s that using the algorithm. During the whole simulation process that using the algorithm, the former congestion of dissipated and no significant Braess Paradox phenomenon appears. 
Conclusions
With the constraints of detour links and overlap links, this paper develops a constrained K-shortest paths algorithm within a dynamic restricted of searching area in consideration of road network spatial distribution features which is suitable for travelers. The algorithm can not only decrease the searching scale but also efficiently balance the traffic flow and applicably prevent the Braess Paradox problem. However, as the little consideration of individual route choice behavior, this subject still needs some further study in future.
